Non-invasive wearable sensors are desirable for a wide range of medical measurements, and especially for ubiquitous monitoring of a patient's health. They have applications in the treatment of neurological disorders, depression, drug addiction, and even for rehabilitation. Our work in organic optoelectronic devices suggests a new class of wearable sensors for medicine and sports.
Figure 1. Photograph of the thin flexible organic optoelectronic sensor.
sensor, comprising a flexible light source in the middle, with four photodiodes on a pliable base.
The flexibility of our device enables the user to wear it as a bandage, in close contact with the body. Figure 2 shows a schematic of the sensor mounted on an arm. We used a red light source because such light travels further in the tissue than shorter wavelengths. The separation between light source and each photodetector was 2cm, so that the backscattered light we collected was from the deep muscle tissue.
We tested the sensor on a 25 year-old volunteer, who placed it over his biceps muscle and secured it with a cloth bandage. We explored two types of muscle contraction to test the device's feasibility. The first is isotonic contraction, in which the muscle shortens and the force exerted is approximately constant, like lifting a dumbbell. The other type is isometric contraction, in which the muscle length remains constant, like pushing against
Continued on next page a wall. Remarkably, our sensor can distinguish between these two types of contractions: isometric give a positive signal , whilst isotonic give a negative signal, as shown in Figure 3 . Hence, the sign of the signal indicates the type of contraction. By contrast, electromyography (EMG)-which is widely used to record muscle activity-does not distinguish between such contractions. Therefore, we lose part of the information potentially present in the contraction that could be used for prosthesis actuation. Furthermore, with EMG it is necessary to have a sustained period of direct contact between the electrode and the muscle, and the patient is trained to contract their muscles in given patterns to actuate the prosthesis. This is challenging, as the electrical contact is unstable, and, therefore, the contraction needs to be sustained for long periods. Our sensor overcomes these problems and avoids the needle electrodes required to make electrical contact in EMG.
We demonstrated our sensor by controlling a robotic arm based on the signal measured from a volunteer, who wore the sensor on her biceps (see Figure 4) . The signal from the sensor controlled the robot arm, which imitated the volunteer's isotonic (lifting arm) and isometric (twisting arm) muscle contractions. We successfully tested the sensor on both the biceps and the deltoid muscles, 1 and show the results of our work in a short video. 4 In conclusion, our results show that this discovery could launch a new era of low-cost, disposable, wearable optical sensors. Our future work will focus on how we might apply our approach to relieve patients from risks associated with electrical sensors, including electromagnetic interference, pain caused by sensing needles, and immune responses to electrodes. Ashu Kumar Bansal received a PhD in physics from the University of Regensburg, Germany, in laser spectroscopy. He is currently a research fellow, and his main research interests are in organic bioelectronics, wearable sensors, and paper microfluidics.
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